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1 Introduction 
   So far the study of urban climate has been limited mostly to larger cities. 
Small towns or small settlements have rarely been chosen as the object. The 
author made mobile observations of air temperature at different times of day in 
order to clarify the meso-scale distribution, and often found higher temperatures 
observed while passing through even a small settlement less than 1 km in length. 
   In this paper, the author will put light on the characteristics of the horizontal 
profiles of air temperature under any weather, and would like to give a new point
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of view on the temperature distribution based on the data obtained from weather 
stations mostly located inside small towns. 
   Observations were made passing through small towns in southern Miyagi 
Prefecture (Fig.  1). Shiroishi is the largest in scale of the towns; its urban area 
is 1.3 km east to west and 1.3 km north to south. The smallest is Miya; 0.2 km 
east to west and 0.5 km north to south. 
   The author obtained data by mobile observations, in stalling a Thermister-
Thermometer at the height of about 1.5 meter above the ground on the front of 
automobile. The difference in time has been revised at every observation point 
in connection with the data which were got by the consequent observation from 
Nagamachi to Shiroishi (Fig. 2). Other data of observations were used without 
revision (Figs. 4 to 5), since the observations took only a short time. 
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2 Horizontal profiles of air temperature observed 
   Fig. 2 shows the horizontal profile of air temperature along the highway, 
Route 4, from Nagamachi, the south end of Sendai City, to the south of Shiroishi. 
The observation was made by the author and his colleague I . Ishikawa on Feb. 16, 
from 22:27 to 23:37, 1971. As the distance of route is about  50  km from the 
coastal plain into the inland basin, the diurnal variations of air temperature are 
so different at each observation points along the highway, that the observation 
results should be revised according to self-records at three weather stations (Fig. 
1). The diurnal variation at every observation point is interpolated by the dis-
tances from the weather stations on both sides, thus the graph of the diurnal 
variation of air temperature at every point has been drawn. In this way, we will 
be able to get the temperature of the given time at every point. 
   Fig. 2 shows the result revised at 23:00, nearly the mid-time of observation.
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This revision was devised by Shitara (1957) and is most effective when self-recording 
stations are closely distributed. But it is not appropriate to take so long time for 
observation (about an hour at the longest) because the minimum errors due to the 
revision are desirable. 
   It was clear on the day from the daybreak till the observation time. The 
direction and the speed of wind at Sendai were WSW-NW and below 2 meter per 
second respectively during the period. 
   Conspicuous heat islands can be found over every small towns (Fig. 2). The 
temperature differences between in and out of towns are  1.1°C, 0.9°C and 0.5°C 
at Shiroishi, Tsukinoki and Miya respectively. The temperature in towns is given 
with the mean temperature of points located in the center of urban area, and that 
out of towns, with the mean temperature of two points on both sides of town, which 
are chosen at open space without building around them. The "differences" of air 
temperatures are quite obvious, since the observation was made in good condition, 
under calm clear weather in winter. 
3 Horizontal profiles of air temperature under different weather 
   The above-mentioned is a case study at night under calm clear weather. In 
order to generalize the pattern of air temperature in and around small towns 
climatologically, it is necessary to observe under different weather, such as cloudy 
or thin cloudy. The following is the result of observation at Iwanuma and Tsuki-
noki on Jan. 7-8, 1974. 
   At Iwanuma,the observation route was east to west (Fig. 3  (a)  ) which was 
at right angle to the route before, because the contrast of urban and suburban land-
scape is more conspicuous east to west than that of  north to south route before 
observed. 
   In case of calm clear weather, a heat island is found clearly over the urban 
area (Fig. 4  (a)  ). The difference of temperature between in and out of the urban 
area is 2.3°C, estimating by the same way as  before  ; this value is two times as many 
as the former example. Under the calm cloudy weather, however, a heat island 
can not be found, it is better to say that the temperature at the suburbs is slightly 
higher than that of the urban area (Fig. 4  (c)  ). An example under thin cloudy 
weather and weak wind is shown in Fig. 4  (b). A heat island is found over the 
urban area, but the "difference" of temperature  (at  out 1°C) is less than in case of 
the calm clear weather. 
   The observation at Tsukinoki was carried out along the same route as before 
(Fig. 3  (b)  ). Fig. 5 (a) shows the profile with a conspicuous heat island in case of 
calm clear weather. But, when it was cloudy and calm, the heat island could not 
be observed (Fig. 5  (c)  ). This is the same as the case of Iwanuma. Fig. 5 (b) is a
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  Fig. 3 The observation routes across Iwanuma (a) and Tsukinoki (b) 
     1 (solid line) Part of the route dealt in Fig. 2 
     2 (broken line) Another route of observation carried out on Jan. 7-8, 1974 
     1, 2 Locality numbers (the same as shown in Fig. 2) 
     A, B Locality marks (corresponding to the marksin Fig. 4) 
profile under thin cloudy weather and weak wind. It has a heat island, but the 
"difference” of temperature is slight. 
   To sum up, under calm clear weather, the heat island is conspicuous, and 
under calm cloudy weather, it is not observed and under thin cloudy weather and 
weak wind, it appears, but not clearly. 
4 The relationship between the appearances of heat islands in micro-
  scale and the distribution of air temperature in meso-scale 
   It is common to the examples above-mentioned that the clearer it is, the more 
apparent he heat islands are. Next, we will consider the relationship between 
the appearances of heat island in micro-scale and the distribution of air tempera-
ture in  meso-scale (50-100 km order). 
   As is evident from Fig. 2, each small town has a heat island. The horizontal 
profile of air temperature is undulating in detail modified by the heat islands over 
small towns, which can be considered as a complex of two  profiles, the profiles in 
micro-scale and meso-scale. Accordingly, the long range horizontal profile from 
the coastal plain to the inland basin should be recognized as a component that 
the heat islands of small towns are neglected.
Horizontal Profiles of Air Temperature 29
 -2 
 2
A B 
I 1 
             ,,.:.___..--•-•-\      / clear 
                  (a) 
               .---• 
•/ _.--;,- 
.—. 
         ..."':''',.-------.N. thin cloudy 
          , ---
-..--• --..' ......  (b) 
                               ,_ 
                                  -,..........cloudy  --.................  _.2  .  .......,..—.----- (c) 
 Iwanuma
4 
 E
 0  I 2  3km  
1  4---+  2 
Fig. 4 Horizontal profiles of air temperature 
    across  Twanuma on Jan. 7-8, 1974 
    (a) Profile under the calm clear weather 
       and weak wind 
    (c) Profile under the calm cloudy  weatl 
    1 Direction of mobile observation 2  Url 
   to those in Fig. 3 (a) ) 00:49  Observat
o[ 
—1 2E 
— I [
        ,,, .--\ 
...---'-i--:., —+-....,clear   .\ 
                         .___.                        ,.,e (a) 
                                . 
       ,,--'—--thin cloudy                         ^
,. . --,.                   N-^
.  (b) 
               cloudy
-...,
,- ___....._-.,.___.—.—...__.  (c)
Tsukinoki
   012  k. 
Fig. 5 Horizontal profiles of air temperature 
    across Tsukinoki on Jan. 7-8, 1974 
(b) Profile under the thin cloudy weather
     ) file der e l  l udy  ather 
  irectionf bile servation  rban area A, B Locality marks (corresponding 
      ose  i .  :49  servation time passing the point concerned 
   Up to this time, air temperature distributions have been obtained, from the 
data of the weather stations mostly located inside cities or small towns. Therefore, 
the distribution is the same as the surface connecting the tops of the heat islands 
over cities and towns, like a "summit level" in geomorphology. 
   In this meaning, the horizontal profile whichis obtained neglecting the micro-
climatic influence from small towns, can be considered as a profile of air tempera-
ture in  meso-scale. The curve neglecting such heat islands, is shown by the curve 
connecting the solid lines and the dotted lines in Fig. 2. Values of air temperature 
on this curve mean the horizontal profile of air temperature on the supposition that 
there are no small towns. 
   As is known from Fig. 4 and Fig. 5, heat islands was not observed when it 
was cloudy. Therefore, such conspicuous heat islands as shown in Fig. 2 are the 
phenomena which occur only under calm clear night. So, it is necessary in such 
a night to take the differences of air temperature between in and out of urban area 
into account, concerning a horizontal profile in meso-scale (a meso-scale distribu-
tion, too) of air temperature, as far as basing on the data from the weather stations. 
On the other hand, there is no need for such consideration i  case of calm cloudy
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nights. 
   For this reason, we should take the heat island or the "difference" of air 
temperature into account, concerning to the climatological distributions of night 
air temperature, based on the data from the weather stations, for example, distri-
butions of monthly means. "Differences" have to be taken into some account for 
distributions in spring (April and May) or late autumn (October and November) 
when there are many calm clean days (Fig.  6.) On the other hand, there needs 
heardly to consider it in "Baiu" season  (June and July) and early autumn (Septem-
ber) with much cloudy weather. 
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             Fig. 6 Monthly normals of clear days bypercentage at Sendai 
                 Clear days: Days with cloud amount less than a quarter
5 Summary 
   Horizontal profiles of night air temperature across the small towns along the 
highway in southern Miyagi Prefecture have been studied regarding different weather 
conditions. The results may be summarized as  follows  : 
   (1) Heat islands were apparently observed over small towns in calm clear 
night. The difference of air temperature between in and out of urban area some-
times reaches about 2°C. 
   (2) Under calmcloudy weather, no heat island was observed. 
   (3) Under thin cloudy weather and weak wind, not so apparent heat islands 
were observed, as those under calm clear weather. 
   (4) The present distribution of night air temperature, based on the data 
from the weather stations is a "summit level" which is obtained connecting the 
tops of the heat islands over small towns, because most of the weather stations are 
located inside small towns.
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